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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, a new SI was approved on V2X [1] including the following first objective regarding NR V2X sidelink design:
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
Therefore, the sidelink resource allocation mechanism needs to be studied to meet the requirement of advanced V2X services. The study of resource allocation mechanisms is further captured in objective 3 of the NR V2X SID as follows:
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 

This paper discusses Uu-based sidelink resource allocation/configuration and identifies necessary enhancements to NR Uu and LTE Uu to control NR sidelink. Note that in companion paper [2], we discuss the dual problem of NR Uu being used to control LTE sidelink.

2 [bookmark: _Ref129681832]NR sidelink transmission controlled by NR Uu
2.1 Grant-based vs grant-free transmission for NR sidelink
For LTE V2X, both scheduled transmission (dynamic and semi-persistent scheduling) and UE autonomous resource selection are supported. For NR, uplink grant-free transmission is also supported, which is motivated by the high reliability and latency requirement of URLLC. The advanced V2X applications that should be supported by NR V2X sidelink have stringent latency and reliability requirements comparable to those supported by URLLC. Thus, it is natural to study the support of grant-free transmission for sidelink in order to meet those stringent latency and reliability constraints. 
In the following, we briefly discuss the pros and cons of different gNB scheduled/non-scheduled transmission modes.
1. Scheduled transmission modes:
a. Dynamic scheduling
Dynamic scheduling can be used for in-coverage scenario. Given that gNB has full control in the dynamic scheduling mode, gNB can configure the resources in a way to minimize the collision probability. Note however that using dynamic scheduling requires sending scheduling requests (SRs), buffer status reports (BSRs) and scheduling grants (SGs). Depending on the nature of the traffic, this may be costly, both in terms of signalling and overhead.   
b. Semi-persistent scheduling (SPS)
SL semi-persistent scheduling in LTE V2X is motivated by overhead reduction of dynamic scheduling for periodic traffic. SL GF transmission, which is similar to NR Type 1 configured grant can achieve most of the benefits of SL SPS: the activation grant for SL SPS can be configured in RRC for SL GF transmission while SL GF does not require a DCI from gNB before transmission. Some benefits of UL GF transmission over UL SPS is discussed in [3, Table 1], similar benefits can be identified for SL GF over SL SPS. 
c. Grant-free transmission
SL grant-free transmission can provide very low latency and high reliability that can satisfy URLLC requirements as motived in NR uplink. It can be used for both in-coverage and out-of-coverage UEs.   

Table 1: Comparison among dynamic scheduling, SPS, and SL grant-free
	SL Transmission mode/requirements
	Latency
	Reliability
	Spectrum efficiency 
	Coverage
	Traffic Type

	Dynamic scheduling
	Requires signalling exchange (SR/BSR/SG)
	High without latency constraint 

	 Suitable for large packet. Relatively high overhead for small packet
	In coverage only
	Most suitable for aperiodic traffic

	SPS
	Low
	Medium. Can be improved with dynamic retransmissions
	 When the transmission is for a long time, the channel conditions change. Thus, spectral efficiency can suffer

	In coverage only
	Suitable for periodic traffic

	SL grant-free
	Low, can meet all the requirements
	High
	Good for small packet
	Both in coverage and out-of-coverage
	Suitable for both periodic and aperiodic traffic



Proposal 1: NR SL should support both grant-free and grant-based resource allocation modes.

2.2 Grant-free transmission 
2.2.1 Grant-free resource allocation
For sidelink transmission, grant-free resource allocation can be similar to NR uplink configured grant Type 1 transmission. The resource and transmission parameters for the UE can be configured in RRC signalling. However, unlike NR uplink configured grant transmission, the sidelink grant-free transmission should include the resource configuration for SA transmission. This is not anticipated to be an issue if the sub-channel concept of LTE-V is reused.  Grant-free resources may be configured for in-coverage UEs and pre-configured for out-of-coverage UEs.
Proposal 2: NR should support configuration of SL grant-free resources for in-coverage UEs and pre-configuration of SL grant-free resources for out-of-coverage UEs.

2.2.2 Repetition and transmission pattern allocation
In order to support high reliability, repetition should be supported. Current LTE V2X supports up to two transmissions of the same TB. In LTE mode 4, the retransmission resource may be independently selected from that of the original transmission. In order to improve the reliability, more retransmissions may be necessary. Reliability and/or latency may be further enhanced by avoiding potential collisions between the SL retransmissions of different UEs. This can be achieved in grant-free transmission mode, by configuring UE specific transmission patterns for in-coverage UEs or pre-configuring transmission patterns for out-of-coverage UEs. The transmission pattern can indicate the location of each repetition of a TB. 
Proposal 3: 
· For enhanced reliability and latency, NR should support pre-/configuration of SL transmission patterns indicating the repetition location of a given TB for out-of-coverage/in-coverage UEs.
· Study how many retransmissions are needed.

2.3 Grant-based transmission 
In LTE Rel 14/15, the eNB is able to schedule SL transmission resources of the UEs under coverage, in a dynamic or a semi-persistent way (“mode 3” operation). On the other hand, out-of-coverage UEs have to make autonomous resource (re-)selection for their SL transmissions in a semi-persistent way (“mode 4” operation). Dynamic scheduling by gNB can provide full gNB control and flexible scheduling decisions for both in coverage and out of coverage UE. Depending on traffic patterns (periodic/aperiodic), number of users, coverage, mobility, and QoS requirements, the two sidelink resource allocation schemes (dynamic and semi-persistent scheduling) could yield different performance advantages and should thus be studied.
Proposal 4: Study dynamic and semi-persistent grant-based SL resource allocation mechanisms for in-coverage and out-of-coverage UEs.

2.3.1 Reliability and latency enhancement
In LTE Release 12 D2D transmission mode 1, DCI indicates the time domain transmission pattern bitmap for UEs to determine the resources for SL transmission. LTE Release 14/15 V2X mode 3 supports up to two transmissions of the same TB, where the gap between the two transmissions is signalled in DCI and SCI. To meet the higher reliability and latency requirements of the NR V2X applications, NR SL scheduled transmission mode should support allocation of UE-specific transmission patterns with different numbers of repetitions depending on the resource availability and the QoS requirements of the UE. 
Proposal 5: For reliability and latency enhancement, NR grant-based sidelink transmission should support allocation of SL transmission patterns indicating the repetition location of a given TB. 

2.3.2 Uu-based sidelink interference coordination 
In order to ensure low interference in mode-3, the eNB/gNB can exploit the knowledge of UE geographic location (e.g., obtained via GPS and reported periodically by the UE to the network). Reuse of a time-frequency resource is then possible whenever UEs are sufficiently far apart. This is equivalent to imposing a minimum reuse distance.
The disadvantage of this location-based reuse strategy is that it does not take into account the actual physical propagation of waves (i.e., the wireless channel). For example, whereas two vehicles on the highway may need to be 500m away to transmit on the same resource with negligible interference, the situation may be very different in an urban environment where buildings shield most interference between nearby parallel streets. Furthermore, Rel-14 LTE sidelink focused on broadcast traffic. However, Rel-16 NR sidelink needs to support unicast, multicast/groupcast, and broadcast [1]. While receiver feedback in case of broadcast is not a feasible solution due to potentially large number of receivers, for unicast and broadcast it might provide benefits when it comes to resource selection. 
Proposal 6: In case of unicast and groupcast transmissions, study whether scheduled UEs may report measurements, or resources selected based on such measurements, to gNB to support sidelink scheduler.

2.3.3 Multi-antenna enhancement on sidelink scheduling 
For LTE-V mode-3, UEs report their location to the eNB. Having no sidelink channel knowledge, the sidelink scheduler allocates orthogonal resources (in time and/or frequency) to nearby UEs, in order to prevent mutual interference. However, transmissions from nearby UEs may not interfere in case the UEs transmissions are directional e.g., due to the antenna pattern or due to multi-antenna transmission capabilities. While this is true at any frequency, this can be exploited to the fullest in mmW domain where transmissions are naturally highly directional.
Observation 1: A radio resource may be reused by nearby UEs in case of non-isotropic transmissions.
Proposal 7: Study whether non-orthogonal resources can be assigned to UEs based on the directionality of their intended transmissions. 

3 NR sidelink transmission controlled by LTE Uu 
When a NR-V UE roams out of NR coverage, but is still in LTE coverage, the LTE Uu can control the NR sidelink to enable advanced V2X services.
As analyzed in above sections, it is proposed that NR sidelink supports both grant-free and grant-based resources allocations. Therefore, the pre-/configuration of grant-free resources used for sidelink needs to be transmitted via LTE Uu to the dual mode UEs. In addition, for supporting grant-based sidelink transmission, a new DCI format needs to be defined in LTE specification with the same information for the case where NR Uu schedules NR sidelink resources. The resource configuration for NR sidelink control by NR Uu is defined and conveyed by SIB/RRC signaling, which can be transmitted on LTE Uu as well. 
Proposal 8: LTE enhancements to enable NR sidelink control by LTE Uuinclude provision of DCI format 5A contents and SIB/RRC configurations. 
4 Conclusions 
In this contribution, we discussed NR V2X sidelink resource allocation by NR Uu and LTE Uu. The discussion and analysis lead to the following observation and proposals:
 
Proposal 1: NR SL should support both grant-free and grant-based resource allocation modes.
Proposal 2: NR should support configuration of SL grant-free resources for in-coverage UEs and pre-configuration of SL grant-free resources for out-of-coverage UEs.
Proposal 3: 
· For enhanced reliability and latency, NR should support pre-/configuration of SL transmission patterns indicating the repetition location of a given TB for out-of-coverage/in-coverage UEs.
· Study how many retransmissions are needed.
.
Proposal 4: Study dynamic and semi-persistent grant-based SL resource allocation mechanisms for in-coverage and out-of-coverage UEs.
Proposal 5: For reliability and latency enhancement, NR grant-based sidelink transmission should support allocation of SL transmission patterns indicating the repetition location of a given TB. 
Proposal 6: In case of unicast and groupcast transmissions, consider whether scheduled UEs may report measurements, or resources selected based on such measurements, to gNB to support sidelink scheduler.
Observation 1: A radio resource may be reused by nearby UEs in case of non-isotropic transmissions.
Proposal 7: Study whether non-orthogonal resources can be assigned to UEs based on the directionality of their intended transmissions.
Proposal 8: LTE enhancements to enable NR sidelink control by LTE Uuinclude provision of DCI format 5A contents and SIB/RRC configurations. 
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